In this study we aimed to evaluate the morphological traits and essential oil compositions of three members of Astreraceae (Helichrysum plicatum subsp. plicatum DC., Tanacetum vulgare L., Anthemis cretica L. subsp. albida (Boiss.) Grierson) growing wild in the semi-arid areas of Cankiri province, Turkey. Some morphological characters were reported for the first time. Essential oils were obtained by hydrodistillation, and their components were identified using gas chromatography-mass spectrometry (GC-MS). Forty eight compounds were detected for Helichrysum plicatum subsp. plicatum DC., 39 for Tanacetum vulgare L., and 15 for Anthemis cretica L. subsp. albida (Boiss.) Grierson. Although these species belong to the same family, the essential oil profiles revealed significant alterations. The dominant compounds in Helichrysum plicatum subsp. plicatum DC. were sesquiterpenes, whereas monoterpenes were the most abundant compounds in Tanacetum vulgare L. and Anthemis cretica L. subsp. albida (Boiss.) Grierson. The results indicated that the three species use different morphological and chemical processes for broad and specific adaptation.
Sessile organisms such as plants have to cope and survive against numerous climatic and biological threats. Hence, they must evolve several regulatory mechanisms at the morphological, biochemical, physiological and molecular levels [1a] . Moreover, studies have shown that plants use these adaptation strategies which occur at different levels, simultaneously [1b] .
In plants, secondary metabolites play key roles, primarily in pollination and defense systems. These chemical compounds are not only used by plants but have been used as drugs by humans for thousands of years. As a member of secondary metabolites, essential oils are complex mixtures of compounds, produced especially by plants that can be isolated from different parts of plants and play crucial biological functions in environmental adaptation, pollinator attraction and against several stresses [2a] . Their composition and amounts are reported to change according to the development stages, plant organ and age [2b, 3a] , or geographical distribution, climate and soil composition, [3b] as an evolutionary response.
Essential oils comprise a variety of molecules including terpenes, aromatic and aliphatic constituents; however the largest group is the terpenes which form a diverse group of chemical compounds associated with plant development and environmental interactions [4] . Essential oils have been used in the food industry, cosmetics and medicine for many years. Therefore, essential oil producing plants have had special attention from researchers. Some plant families, such as Apiaceae, Hypericaceae, Lamiaceae and Asteraceae have high amounts of essential oils [5] . Among them, Asteraceae is one of the largest plant families in the world, which comprises about 1,000 genera and over 25,000 species [6] . In Turkey, the family comprises 134 genera and 1209 species and is ranked as the first in terms of species number. Among these species 447 of them are reported to be endemic [6, 7] . In this study, we aimed to examine the habitat and environmental effects on morphological and chemical properties on three species growing in the wild in Cankiri, Turkey [8] , and to evaluate the influence of these traits on plant adaptation.
Morphological traits:
The morphological traits of the three members of Asteraceae family were investigated and compared with the description in Flora of Turkey and The East Aegean Islands I-X [6] . In this study some new characters were firstly defined. We measured seventeen characters for Anthemis cretica L. subsp. albida (Boiss.) Grierson. While the habitat, stem length, leaves segments broad, capitula type, involucre shape, phyllaries shape, phyllaries apices, phyllaries colour, achenes length, ligules shape were mainly congruent with the description of Davis [6] we detected alterations in ligules length, corona length, and involucre broad. Futhermore, the morphological characteristics of root length, leaves median length, lower leaves length and phyllaries length were investigated for the first time.
Twenty two morphological traits were examined for Tanacetum vulgare L. taxa. The morphological observations revealed that plant height, hair density, cauline leaves shape, cauline leaves length, pair number of primary segments of cauline leaves, width of primary segments of cauline leaves, capitula number, involucre width, outer phyllaries width, involucre shape, phyllaries shape were in parallel with [6] . On the other hand, we noticed some morphological feature differences from those given in the Flora of Turkey and The East Aegean Islands I-X [6] ; such as length of primary segments of cauline leaves, inner phyllaries length, outer phyllaries length, inner phyllaries width, female flowers number, female flowers length, disc flowers length, achenes length, corona length. The petiole length of cauline leaves and tooth length of primary segments of cauline leaves have been documented for the first time.
In Helichrysum plicatum subsp. plicatum DC. twenty four morphological characters were investigated. The habitat, stem forms, basal leaf shapes, stem hair shape, cauline leaf shape, cauline leaf colour, capitula shapes, state flowers of capitulum, phyllaries shape and phyllaries colour characters displayed similarities with [6] . However, plant height, basal leaf length, cauline leaf length and length of involucre morphological traits were different than that reported by [6] . Moreover, the characteristics of plant height, stem forms, basal leaf length, cauline leaf length, piece of flowers, length of involucre and phyllaries length showed differences between NPC Natural Product Communications some other studies [9] . Furthermore some new characters were determined for the first time, while they comprised nearly half of the all characters. These characters were as follow: Basal leaf apices, basal leaf margins, cauline leaf margins, cauline leaf apices, pieces of flowers, phyllaries length, phyllaries margins, phyllaries apices, tubular flowers, tubular flowers length.
Essential oil profiles:
The major components were identified for each species, considering the ones with higher relative percentages.
The detected compounds with their relative percentages, retention indices and percentages of compound classes are listed in order to elution on the HP-5ms capillary column. The analyses revealed that although the species used in this study belong to the same family and grow in the same region, they display large differences for their essential oil compositions.
The essential oil of Tanacetum vulgare L. and Anthemis cretica L. subsp. albida (Boiss.) Grierson., had monoterpene predominance, though Helichrysum plicatum subsp. plicatum DC., had higher percentages of sesquiterpenes. The major compounds of camphor and camphene were common between Tanacetum vulgare L. and Anthemis cretica L. subsp. albida (Boiss.) Grierson, on the other hand camphor and camphene were not detected in Helichrysum plicatum subsp. plicatum DC. The only common compound found among the three species was p-cymene, although it was measured at low concentration. Forty % of the compounds detected were sesquiterpenes. In total 15 chemical components were identified in Anthemis cretica L. subsp. albida (Boiss.) Grierson, camphor (80.57%) and camphene (10.58%) were the prominent compounds (Table 1) . Thirty nine different compounds were detected for Tanacetum vulgare L. The essential oil was found to be rich in camphor (56.43%), eucalyptol (17.26%), camphene (4.85%) and p-cymene (2.11%). The essential oil composition was mainly comprised of monoterpenes and their derivatives (50%). Table 2 represents the chemical composition of essential oils determined by GC-MS analysis. The essential oil with the highest number of compounds identified (48) was from Helichrysum plicatum subsp. plicatum DC. The most abundant essential oils components were -copaene, δ-and γ-cadinene, caryophyllene, α-and γ-muurolene and β-selinene which belong to the sesquiterpene group (Table 3) .
It is known that adaptation is a complex process. Organisms adapt to their environment using their systems through different pathways, and develop different strategies to survive. Several studies showed examples of morphological, molecular and chemical adaptations. Therefore, morphological and chemical characters have been widely used for examining the adaptive traits of plant species in different ecological areas [1a, 10a, 10b] . Here, we examined the habitat and environmental effects on morphological and chemical properties on three species growing in the wild in Cankiri, and evaluated the influence of these traits on plant adaptation. In this study many morphological characters have been documented for the first time. Certain traits were identified compatible with the literature, while significant differences have been observed for some characters. Additionally, morphological character differences are valuable sources to assess the influence of environment on plant distribution. The morphological differences observed in Anthemis cretica L. subsp. albida (Boiss.) Grierson are related to the plant flowers. The specimens used for identification of the taxon by Davis [6] were collected from C1 (Aydin) and C2 (Denizli, Muğla) squares. When we evaluated the climate of these two regions, it was reported that although Aydin and Denizli are in the semi-arid and lower humid climatic class, Mugla province is in the humid climatic class [11] . However, the plants that we used were collected from A4 (Cankiri) square which is defined as a semi-arid area by Thornthwaite (1948) . Therefore, since the same taxon distributes in different environments under different climatic conditions, it is expected to find differences between the regions. Although areas with more annual rainfall are thought to be preferable for plant taxa, it has been found that this taxon is better developed in areas with rocky slope and step characteristics.
The morphological differences detected in Tanacetum vulgare L. include leaf and flower characteristics, and the specimen described by Davis (1965 Davis ( -1988 ) is in the Clifford Herbarium (Herbarium Clifford Page No: 398) in England, UK. For this reason, no information has been given about both climate and ecological conditions. Considered in terms of average annual rainfall, there is no obvious difference between the UK and Turkey. Ergo, it can be mentioned that the environmental conditions are effective on the morphological characteristics and also can be said that the taxa generally develop better in the roadside and meadow areas.
Morphological character variations have also been observed for Helichrysum plicatum subsp. plicatum DC. [9] . The specimens used in all three studies have been collected from different areas.
Essential oil compositions of three members of Astreraceae Natural Product Communications Vol. 13 (8) 2018 1041 [9] and our results, since both are classified in semi-arid regions [11] . Previous reports revealed that although climate types are similar, different environmental conditions have led to different values in morphological measurements [1a] . In accordance with those results, we observed a similar pattern for Helichrysum plicatum subsp. plicatum DC. It should be noticed that the sample from B4 square was collected from the roadside, while the sample of A4 square was gathered from forest edge. Therefore, it may be speculated that the physical and chemical properties of the soils affected the morphological properties, which may also explain the differences between our results and the ones in the literature. It is known that morphological adaptation is one of the most prominent adaptive traits. Consistent with this fact, our morphological analyses showed that these plant species adapt to their environment at morphological levels. Since adaptation is a versatile process, we aimed to assess the chemical composition of these species which are all essential oil producing plants. We observed clues for adaptation at the chemical level.
Essential oil profiles of three Asteraceae family members have been extensively studied and a large fluctuation was detected among species. Our results confirmed and extended some previously published data. In the study of four Brazilian Aldama (Asteraceae) species it was found that terpene types vary within the same genus [12] which is correlated with our results. The major essential oil components of Tanacetum vulgare L. were reported as camphor, 1,8-cineole, α-thujone, β-thujone, borneol, chrysanthenone, α-chrysanthenone, sabinene, camphene, p-cymene, isothujone, and bornyl acetate [13a] . Our results highly support the findings of the previous studies from Quebec, Canada [13b], except for camphene which is the second most abundant compound in our study ( Table  2) .The study performed with various Anthemis cretica L. subsp. albida (Boiss.) Grierson species revealed that the main class of essential oil components was mostly oxygenated monoterpenes [14a] . As far as we know this is the first report about Anthemis cretica L. subsp. albida (Boiss.) Grierson for its essential oil composition (Table 1 [15] . Also the aerial parts essential oil composition of the three taxa of Anthemis cretica L. were found to be quite different [14a] .
Phylogenetically Tanacetum vulgare L. and Anthemis cretica L. subsp. albida (Boiss.) Grierson belong to the same tribe named Anthemideae which is composed of mostly aromatic herbs [6] , while Helichrysum plicatum subsp. plicatum DC. belongs to the tribe Gnaphalieae. Additionally, the two species of tribe Anthemideae produce mainly monoterpenes, however sesquiterpenes are most abundant in the essential oil of Helichrysum plicatum subsp. plicatum DC. This result indicated that evolutionarily closer species have also similar chemical characters and can be used in taxanomic identification.
Additionally, camphor which is the most abundant component in essential oil of Tanacetum vulgare L. and Anthemis cretica L. subsp. albida (Boiss.) Grierson is a major essential oil component for many aromatic plant species and its antimicrobial, antifungal and allelopathic affects have been investigated previously [16a-16c, 17a]. The allelopathic effect of camphor has been shown for some Artemisia species [17b]. Therefore these essential oils might have important roles in interacting with biotic elements for Tanacetum vulgare L. and Anthemis cretica L. subsp. albida (Boiss.) Grierson. Thus, our results suggest that the species developed adaptive traits at both molecular and chemical levels; however, it seems that the reasons of these adaptations are different, and plants develop diverse processes to adapt to their environment. Morphological Assessments: The taxonomic description of the plant was made according to Flora of Turkey and The East Aegean Islands I-X [6] . For the examination of morphological characters, specimens were subjected to biometric measurements using a binocular microscope ((Leica EZ4, Leica Microsystems Imaging Solutions Ltd., Cambridge, UK). Morphological characteristics were determined taking samples from 30 plants 10 in each taxa and their mean values were taken. The mean values of maximum and minimum measurements of length and width were determined.
Experimental

Essential oil extraction:
For analysis of essential oils, healthy aerial plant parts (including fruits, stems and leaves) were collected from semi-arid areas and dried at room temperature. 200 g of plant materials were ground to a fine powder with liquid nitrogen, and placed in a 500 mL round bottom flask with 300 mL of distilled water and submitted to hydrodistillation in a Clevenger-type apparatus for 3 h. The oils were collected and transferred to glass tubes and kept at a temperature of −20°C for further analysis.
Chromatographic Analyses: The essential oils were analyzed using an Agilent Technologies GC 7890A (Santa Clara, CA, USA) coupled with a HP-5ms capillary column (30 m x 250 mm x 0.25m m), at an ionization voltage of 70 eV. The carrier gas was helium at a flow rate of 1 mL/min. The column temperature was increased 60°C to 240°C at a 4 °C min -1 rate; total run time was 45 min. Diluted sample of 1.0 μL was injected in the split mode (20:1). The library searches and spectral matching of the resolved pure components were conducted on the WILEY and NIST (National Institute of Standards and Technology) database/ChemStation data system and their retention indices were determined with reference to a homologue series of normal alkanes.
